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ABSTRACT
Compton scattering is one of the few spectroscopies which directly probes the ground state
momentum density in materials. Recent progress in synchrotron light sources has brought a
renewed interest in the technique as a tool for investigating fermiology related issues on the
one hand, and as a unique window on hitherto inaccessible correlation effects in the electron
gas on the other. We provide an overview of some of our recent work on a variety of metals
and disordered alloys, including Li, Li1−xMgx, Be, Cu, Ni75Cu25, Ni75Co25, Al and Al-Li.
I. INTRODUCTION
Compton scattering is the inelastic scattering of x-
rays in the deep inelastic regime (i.e. when the
energy and momentum transfered in the scattering
process are large). [1–3] It is one of the few spec-
troscopies which is capable of directly probing the
electronic ground state in materials. The measured
double-differential cross-section describing the en-
ergy and angular distribution of scattered radiation–
usually referred to as the Compton profile (CP), can
be interpreted as
J(pz) =
∫ ∫
n(p)dpxdpy , (1)
where n(p) is the ground-state electron momentum
density. The theoretical analysis of the Compton
spectra in the literature is largely based on the ex-
pression of n(p) within the independent particle
model:
n(p) =
1
(2pi)3
∑
kν
∫
|ψkν(r) exp(ip · r)dr|
2, (2)
where ψkν(r) denotes an electron wavefunction in
the state k and band ν, and the summation is over
all occupied states. When the right side of Eq. (2) is
evaluated using the selfconsistent band theory based
electron wavefunctions in the local density approxi-
mation (LDA), and the sum is carried out to prop-
erly include the Fermi surface (FS) breaks in n(p),
one obtains a fairly sophisticated description of the
Compton spectrum. Eq. (2) makes it obvious that
n(p) and thus the CP contains signatures of both,
the shape of the occupied region of the k-space in the
first and higher Brillouin zones (BZs), as well as the
nature of the electron wavefunctions. Since n(p) in
Eq. (1) represents the full many-body ground state
momentum density, a comparison of the measured
CP with that obtained via the LDA-band theory
framework provides a direct measure of the extent
to which the LDA one-particle wavefunctions differ
from the true quasiparticle states in the interacting
electron gas in the solid.
The Compton technique offers a number of intrin-
sic advantages over other k-resolved spectroscopies.
Being essentially a ground state measurement, the
Compton experiment does not require long electron
mean free paths as is the case in transport-type ex-
periments such as the dHvA, the latter being limited
for this reason to systems with low defect and im-
purity concentrations. Since no charged particles go
in or out of the sample, Compton is not complicated
by surface effects present in photoemission or elec-
tron scattering experiments, and is thus genuinely a
bulk probe. Moreover, because light couples weakly
to the electronic system, the disturbance of the elec-
tronic states one is trying to measure is relatively
smaller in Compton compared to positron annihila-
tion or photoemission-type spectroscopies which in-
volve charged particles.
Historically, the capabilities of the Compton tech-
nique have been difficult to realize in practice be-
cause only a limited momentum resolution (≈ 0.4
au) was possible with γ-ray sources. However, with
the recent availability of second and third gener-
ation high-energy, high-intensity synchrotron light
sources, and improvements in detector technology
it has become possible now to achieve momentum
resolution of the order of 0.1 au in wide classes of
materials, and of order 0.01 au in low-Z systems.
These advances have sparked a renewed interest in
the Compton technique as a tool for investigating
fermiology related issues on the one hand, and as a
unique window on hitherto inaccessible correlation
effects in the electron gas on the other. [4,5]
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II. AN OVERVIEW OF SELECTED RESULTS
Within space limitations, we give below an overview
of some of our recent high-resolution Compton stud-
ies in metals and disordered alloys. The list of ref-
erences is meant to be minimal, but should serve as
an entry point into other relevant literature.
1. Li has been the subject of much attention. Ref.
[6] may be viewed as marking the beginning
of the modern high-resolution Compton stud-
ies of solids. Ref. [6] showed that Compton
can provide accurate FS dimensions, at least
in favorable cases. Furthermore, comparisons
between highly accurate first-principles LDA-
band-theory based predictions with the cor-
responding experimental profiles in Li showed
clearly that there are systematic discrepancies
between theory and experiment which could be
attributed to correlation effects on the electron
momentum density.
2. Considerable effort has been made to deduce
the size of the break ZF in the momentum den-
sity at the Fermi momentum in Li. ZF is one
of the most fundamental parameters which en-
ters in the conventional theory of metals, and
it has been investigated using a variety of the-
oretical approaches for many decades in the
homogeneous electron gas. While there is still
some uncertainty in analyzing the data, Ref.
[7] has estimated a near zero value of ZF in
Li. This is most surprising and very far from
theoretical predictions which yield ZF values
ranging from about 0.65 to 0.82 in Li.
3. Several groups have attempted to “recon-
struct” the 3D-momentum density in Li from
experimental CP’s along several directions.
[7–9] In this connection we have computed
highly accurate CP’s along various groups of
measured directions in Li to serve as a means
of testing the accuracy of different resconstruc-
tion schemes.
4. Li100−xMgx disordered alloys have been inves-
tigated over the composition range 0 ≤ x ≤
40. [10] The experimental valence CP’s, their
second derivatives, and the associated direc-
tional anisotropies were compared with the
corresponding parameter free KKR-CPA-LDA
computations. Discrepancies between mea-
surements and calculations were partly traced
back to an inadequate treatment of correlation
effects within the LDA. Curiously, the theoret-
ical profiles display a better accord with exper-
iments with increasing Mg concentration, hint-
ing that the behavior of momentum density in
Li may be idiosyncratic and not representative
of metals more generally.
5. Be has been another system which has been
the subject of several independent studies.
The first high-resolution CP’s reported in Ref.
[11] showed the essential absence of some the-
oretically predicted FS signatures in the data.
However, this appears to have been due to
a lack of adequate statistics in the data of
Ref. [11]. Subsequent Compton measurements
on Be in Ref. [12] indicated no such serious
discrepancies between theory and experiment.
Ref. [13] has very recently carried out an exten-
sive new study of Be single crystals using three
different incident photon energies. Subtle dif-
ferences between theoretical and experimental
CP’s are pointed out and it is suggested that
a better treatment of the correlation effects in
the inhomogeneous electron gas is needed to
develop a satisfactory description of the mo-
mentum density in Be.
6. Al has been investigated quite extensively.
[14,15] In order to deduce the value of ZF in
Al, the data have been analyzed in terms of a
simple model which involves ZF as a parame-
ter. A good fit with the Compton data is ob-
tained for ZF = 0.7 to 0.8. [14] Al has also been
investigated via Compton experiments where
the kinematics of the ejected electron is mea-
sured in coincidence with the scattered photon;
in principle, such a (γ, eγ) experiment deter-
mines the 3D momentum density directly. The
concidence Compton data on Al indicate a ZF
value of about 0.7. [14] These results suggest
that, in sharp contrast to the case of Li, the
standard picture of the interacting electron gas
is substantially correct in Al.
7. In Cu, high-resolution Compton measure-
ments together with the corresponding highly
accurate LDA-based computations along the
three principal symmetry directions have been
reported recently in Ref. [16]. A reasonable
overall picture of the ground state momentum
density in Cu is adduced, and the deviations
from the band theory predictions are generally
found to be consistent with the high-resolution
studies of Li and Be.
8. In Ref. [17], we have presented first-principles
ferromagnetic electronic structures and spin-
resolved Compton profiles along the three
high-symmetry directions in Ni, Ni75Cu25 and
Ni75Co25 disordered alloys. The computations
are based on the use of the charge- and spin-
selfconsistent KKR-CPA-LDA approach and
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involve no free parameters– the lattice con-
stants in all cases were obtained by minimiz-
ing the total energy. The majority-spin spec-
trum of Ni is found to undergo relatively small
changes upon alloying with Cu or Co, and
indeed the associated CP’s in Ni, Ni75Cu25
and Ni75Co25 are very similar. High-resolution
magnetic CP experiments are not feasible at
the moment, but the theoretical predictions
are found to be in reasonable overall accord
with the available γ-ray measurements.
9. Finally, we note that very recent experiments
on Al-Li alloys with 3% Li seem to indi-
cate that Li-impurities when placed in the Al-
matrix may be inducing some very interesting
changes in correlations in the electronic system
in their vicinity in the alloy. [18] This point is
under further investigation.
A few words concerning the theoretical methodology
for obtaining highly accurate Compton profiles in
metals and alloys are appropriate. Even within the
conventional LDA-based band theory framework,
highly accurate computations of Compton profiles
necessary for analyzing FS signatures are quite de-
manding. The reason is that the integrand n(p) oc-
curring in Eq. (1) possesses a fairly long range with
myriad FS breaks which must be intergrated using a
fine momentum space mesh. Further, J(pz) must be
evaluated over a fine pz-mesh extending to quite high
pz values to properly normalize the theoretical pro-
file. We have however developed the methodology
to carry out such computations in ordered as well
as disordered many atom per unit cell systems, in-
cluding the possibility of magnetic ordering. [19–22]
The relevant Green function formulation for treating
momentum density and CP’s in disordered alloys is
given in Refs. [23,24].
In conclusion, it is clear that high-resolution Comp-
ton studies can provide new insights into a variety
of issues related to fermiology and correlation ef-
fects in metals and alloys. Of particular interest will
be problem areas where the conventional k-resolved
spectroscopies (dHvA, photoemission and positron
annihilation) are difficult to apply due to surface or
defect problems, as is the case for example in the ox-
ides generally. Phase transformations and electronic
structure and correlation effects under high pressure
could be another niche area for Compton scattering
since it is difficult to take charged particles in or out
of a pressure cell.
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